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Abstract
Objective—The goal of this study is to identify replicable cluster subtypes within the
Precontemplation stage of change for sun protection.
Method—Secondary data analysis of baseline data from a sample of participants in a home-based
expert system intervention was performed. Three random samples were selected from participants
in the Precontemplation stage (N=570). Cluster analyses were performed using the scales of Pros,
Cons and Self-Efficacy. Interpretability of pattern, pseudo F test, and dendograms were used to
determine the number of clusters.
Results—A four-cluster solution replicated across subsamples. Significant differences between
clusters on the nine Processes of Change, and on behavioral measures were found.
Discussion—Cluster solutions were robust, interpretable and with good initial external validity.
They replicated patterns found for other behaviors, demonstrating long-term predictability and
providing basis for tailored interventions.
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Theories of behavior have used the concept of stages of change to represent the temporal
and dynamic dimensions of behavior, and to make predictions about modification of
behavior. The Transtheoretical Model of Behavior Change (TTM) has been applied to the
study and modification of a range of health-related behaviors (Burbank, Reibe, Padula, &
Nigg, 2002; Fava, Velicer, & Prochaska, 1995; Johnson et al., 2007; Norman et al., 2007;
Prochaska et al., 1994, 2001, 2004, 2005; Weinstock, Rossi, Redding, & Maddock, 2002).
The main constructs are: Decisional Balance (Pros and Cons of behavior) and Temptations/
Self-Efficacy, temporal change of behavior (represented by stages of change), behavioral
measures and outcomes, and processes of change.
Stage of change is the central organizing construct of the TTM approach. The five stages,
Precontemplation, Contemplation, Preparation, Action, and Maintenance, represent the
temporal dimension integrating current behavior and intention to engage in the new health
behavior (Prochaska et al., 2005; Velicer et al., 2000). In the TTM, behavior change is
visualized as a process that happens over time and that involves progression through these
stages (Prochaska & Norcross, 2001). As part of the assessment of the individual’s stage of
change, a staging algorithm is used. This algorithm uses specific time frames to determine
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whether people plan a specific behavior change or not in the future. Particular time frames
may be more or less suitable for different behaviors, settings, and samples. Other theories,
such as the Health Action Process Approach (HAPA), also suggests the existence of phases
or stages: non-intenders, intenders, and actors (Lippke, Ziegelmann, & Schwarzer, 2005;
Schwarzer, 2008). Craciun, Schüz, and Lippke (2011) reported that sun behavior variables
typically used in the later phases of the HAPA (e. g., self-efficacy and strategic planning)
mediate between intention to use sunscreen and sunscreen use. The HAPA model can
predict future goal behavior, but critics have questioned some aspects of the theory,
including use for development of interventions, and stage transition (Conner, 2008; Velicer
& Prochaska, 2008).
A limited number of distinct subtypes have been identified among smokers in the
Precontemplation stage (Anatchkova et al., 2006a; Norman et al., 2000; Velice, Hughes,
Fava, Prochaska, & DiClemente, 1995; Velicer et al., 2007). Santiago-Rivas and colleagues
(2010) examined profiles for sun protection within the Preparation stage, but no other study
has indentified subtypes for sun protection within the Precontemplation stage.
Present study
This study was conducted in order to explore the existence of distinctive, interpretable, and
internally consistent subgroup profiles within the Precontemplation stage using replication
across three subsamples. Another aim of the study is to externally validate the clusters using
the Processes of Change scales and sun protection behavior variables.
Method
Participants
The sample used in this secondary data analysis is a portion of a sample collected from a
larger, multiple behavior intervention study of primary care patients. Outcome analyses are
reported elsewhere (Prochaska et al., 2005). Participants were randomly assigned to either
the home based expert system intervention or control condition. Only the treatment group
was examined. The University’s Institutional Review Board approved this study.
Eligibility for this study required being at risk for sun exposure. There were 570 participants
classified in the Precontemplation stage of change at baseline. Most participants were female
(68.8%), White (96.6%), reported good health status (39.2%), and were married (65.2%).
The mean age was 47.46 (SD = 13.10).
Measures
Stages of Change—The general sun protection algorithm measures current behaviors,
and sun protection intention (by avoiding sun exposure, using sunscreen, and/or wearing
protective clothing). Participants in the Precontemplation stage don’t consistently employ
sun protection behaviors, and don’t intend to start protecting themselves from exposure to
the sun in a consistent manner in the future (they answered no to the following questions: (1)
Do you protect yourself from exposure to the sun consistently, that is, whenever you know
you will be out in the sun for more than about 15 minutes?; (2) Have you consistently
protected yourself from exposure to the sun for the past 12 months?; (3) Do you intend to
consistently protect yourself from exposure to the sun in the next 12 months?; and (4) Do
you intend to consistently protect yourself from exposure to the sun in the next 30 days?)
Decisional Balance—The Decisional Balance Inventory derives from Janis and Mann’s
model of decision-making (Janis & Mann, 1977). It measures two constructs, the Pros, or
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advantages related to the targeted behavior, and the Cons, or disadvantages related to the
behavior (Velicer, DiClemente, Prochaska, & Brandenberg, 1985). The instrument used in
this study consists of 4 items assessing the Pros of sun protection (α = 0.78) and 4 items
assessing the Cons of sun protection (α=0.74) (Maddock et al, 2005; Prochaska et al., 1994).
It uses a 5-point Likert scale from non - important (=1) to extremely important (=5).
Self-Efficacy—The original Self Efficacy measure was developed and verified with adult
smokers (Velicer, DiClemente, Rossi, & Prochaska, 1990). This is a measure was based on
the self-efficacy construct of Bandura (1977; 1982) and the relapse prevention literature. It
consists of 7 items measuring confidence to use sun protection (α = 0.84), and uses a 5-point
Likert scale from not at all confident (=1) to extremely confident (=5) (Maddock et al.,
2005).
Processes of Change—These processes are the independent variables that people need
to apply, or be engaged in, to progress from stage to stage (Prochaska, Velicer, DiClemente,
& Fava, 1988; Velicer et. al., 2000). Nine of the 10 traditional processes of change were
assessed using 2 items each. The processes included counter conditioning, consciousness
raising, dramatic relief, environmental reevaluation, helping relationships, reinforcement
management, self reevaluation, social liberation, and self-liberation. Respondents were
asked how often in the past 30 days they used the processes of change on a 5- point Likert
scale (never =1 to always = 5). Coefficient alphas ranged from 0.71 to 0.81 in previous
studies (Maddock et al., 2005).
Behavioral Measures—The Sun Protection Behavior Scale (SPBS) is a brief inventory
with three subscales that include measures of sun protection (Weinstock et al., 2000). Two
subscales were used: Sunscreen Use (α = 0.86), and Sun Avoidance (α = 0.82). Each of the
seven items is a self-report of behavior on a 5-point Likert scale of frequency (never, rarely,
sometimes, often, and always) “when in the sun for more than about 15 minutes during the
summer”. The total score of this scale was used. Additional variables employed as validity
measures for clustering solutions included: use of sunscreen, SPF, and tanning booth use
history in both the past generally (“have you ever used a tanning booth or sunlamp”) and in
the previous year (“have you used a tanning booth or sunlamp in the past year”).
Procedure
Three subsamples were formed: Sample 1 (N= 182; 8 participants were not clustered due to
incomplete information), Sample 2 (N= 187; 3 participants were not clustered) and Sample 3
(N= 186; 4 participants were not clustered). Cluster analysis was performed within each
sample independently, and with the overall sample. Pros, Cons, and Self-efficacy scores
were used to identify the profiles.
Cluster Analysis
Similarity measures have been developed to estimate the similarity or proximities, between
the individuals. The most commonly used is the squared Euclidean distance (Everitt,
Landau, & Leese, 2001), which was employed in this study. The squared Euclidean distance
metric was calculated on the Pros, Cons, and Self-efficacy. Ward’s minimum variance
method (Ward, 1963) was employed to form the cluster. Several indices were used to
determine the number of clusters: the cubic clustering criterion (CCC), the pseudo F test,
and the pseudo t2 (Calinski & Harabasz, 1974; SAS Institute Inc., 1999). Following the
results from the three indices, visual inspection of the cluster profiles was performed. The
variables to be included in cluster identification procedures were standardized within stages
to T- scores (M = 50, SD = 10).
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Results
Four clusters were initially found to replicate among the three subsamples. This initial
solution was applied to the general sample. The cluster profiles for the combined sample (N
= 555) are presented in Figure 1 and these clusters were used for the external validity. The
clusters are described below:
Cluster 1: The first cluster (N = 142; 25.59% of participants) was labeled Immotive, and
was characterized by an inverted “V” shape with medium scatter and average level.
This profile corresponds to what is expected for people in the Precontemplation stage.
The means for Pros and Self-efficacy scores were below average, while the mean for
the Cons scale was above average. Participants in this group consider the Cons of
protecting themselves from sun exposure much more important than the Pros. This
cluster was the most stable across subsamples.
Cluster 2: The second cluster (N = 197; 35.49% of participants) was labeled
Progressing, and had a “V” shape with high scatter and above average level. This
subgroup had average scores on the Cons scale, and above average scores on the Pros
and Self-efficacy scales. This pattern is similar to what would be found in an advanced
stage, and individuals may be getting ready to progress to a more advanced stage. They
are considering both the benefits and the disadvantages of acquiring healthier sun
protection habits. Self-efficacy scores are higher than what would be expected from
people that are not currently practicing sun protection. This was the largest cluster.
Cluster 3: The third cluster (N = 57; 10.27% of participants) was labeled Disengaged
and had a slightly inverted “V” shape, low to medium scatter, and low level. This
subtype consists of participants with Pros, Cons, and Self-efficacy scores all about a
standard deviation below average. Members did not appear to feel strongly about sun
protection or sun exposure. They are reporting no positive or negative views about sun
protection, and low self-efficacy. This was the smallest group.
Cluster 4: The fourth cluster (N = 159; 28.65% of participants) was labeled Early
Progressing and had a shallow “V” shape (almost a flat shape) with medium scatter.
The mean for the Self-efficacy scale was about average, while the scores for the Pros
and Cons scales were below average. This indicates a very minimal engagement with
the conscious acquisition of sun protective behaviors. Individuals in this group were
minimizing the positive aspects of sun protection. This was the second largest group
overall.
External validation: Processes of change
A Multivariate Analysis of Variance was performed using cluster membership as the
grouping variable and significant multivariate differences were found for the 9 of the 10
processes (Wilks’s = .591, p < .001, η2 = .409). Descriptive statistics, univariate F values,
Tukey patterns and values for partial eta-squared for the clusters are presented in Table 1.
The effect sizes ranged from small to large. The Immotive cluster was the subtype that most
resembled the expected profile for Precontemplation. This group used these processes in the
medium range, showing a profile similar to the one reported by the Early Progressing
cluster. The Progressing cluster had almost the opposite profile of the Immotive subtype.
Members of the Progressing cluster reported using all the processes the most. The Early
Progressing cluster used these processes in the medium range, showing a profile similar to
the one reported by the Immotive cluster on 6 of the 9 processes. The Disengaged cluster
used the process the least.
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External validation: Behavioral variables
A significant difference between clusters was found on scores of the Sun Protection
Behavior Scale (SPBS), F (3, 551) = 64.63, p<. 001, η2 = .256 (see Table 2). The effect size
for this measure was large, and the follow up Tukey test revealed that participants in the
Progressing cluster reported doing the most to protect their skin from the sun compared to
the other clusters, while members of the Immotive and Disengaged clusters reported doing
the least. The Early Progressing subtype reported a relatively high score on the SPBS.
Chi-square tests were performed on the other behavioral variables (see Table 3). Significant
differences were found for sunscreen use a, χ2 (15) = 107.58, p <. 001; Cramer’s Φ2 = .258.
A higher percentage of participants in the Disengaged cluster (75%) reported never using
sunscreen, while a lower percentage of participants in the Progressing group (11.6%)
reported never using sunscreen. Members of the Immotive cluster reported similar
behavioral profile as the Early Progressing cluster. In terms of SPF of sunscreen, a higher
percentage of members of the Progressing and Early Progressing clusters (43.2% and 34.8%,
respectively) reported using sunscreen with a protection factor of 15 to 29, in comparison to
participants in the Immotive and Disengaged clusters (20% and 7.7%, respectively). Even
when all participants responded that they don’t protect themselves from exposure to the sun
consistently, results show that they still report some occurrence of sun protection behavior.
The respondents were asked to report if they ever used artificial tanning/sun lamp in the
past, and if yes, to report use during the previous year (see Table 3). Chi-square tests found
significant differences for ever use, χ2 (15) = 37.42, p<. 001; Cramer’s Φ2 = .260, and
previous year χ2 (15) = 8.99, p <. 05; Cramer’s Φ2 = .198. Most members of the
Disengaged cluster reported that they’d visited a tanning booth or used a sun lamp at least
once in their lives (87.7%), while around 50% of the Immotive and Progressing clusters
reported they’d done so. Among those that reported artificial tanning use, 50.7% of the
Immotives reported use at least once during the past year. This cluster showed a low
exercise of sun protection behaviors. The rest of the clusters were characterized by a lower
prevalence of artificial tanning.
Discussion
One of the main findings of this exploratory study is the identification and replication of a
four-cluster solution across three samples within the Precontemplation stage for sun
protection. The similarity of the subgroup profiles based on the scores from the Pros, Cons,
and Self-efficacy was evaluated. Replication is critical for any cluster analysis study since
the cluster analysis is an exploratory method that will always produce clusters. If there are
no natural clusters, the methods results in ‘dissection’ (Everitt, Landau, & Leese, 2001). If
natural clusters exist, they should demonstrate internal cohesion (homogeneity) and external
isolation (separation). Replication provides critical evidence that the correct number of
clusters has been selected and can help guide the interpretation of the clusters. In this case,
replication occurred not only within the samples for sun protection but also replicates results
reported for another behavior (for smoking; see Anatchkova et al., 2006a; Norman et al.,
2000; Velicer et al., 1995; Velicer et al., 2007).
The processes of sun protection varied significantly across profiles within the
Precontemplation stage. As expected, the Progressive profile used the processes the most,
while the Disengaged group used them the least. The Progressive cluster reported higher
scores across processes in comparison to the rest of the subtypes, with the exception of
Social Liberation (“I notice that many people are protecting themselves from the sun these
days”; “I see more and more people using sunscreens to protect themselves from the sun”),
Counter Conditioning (“I do something else instead of sun bathing when I need to relax”;
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“Instead of tanning, I do other things”), and Helping Relationships (“People who are
important to me encourage me to protect myself from the sun”; “I have a friend or family
member who reminds me to use sunscreen”). The Immotive and Early Progressing subtypes
reported similar scores, with the exception of Social Liberation and Counter Conditioning.
Differences in the use of these processes seem to be less evident across clusters, and smaller
effect sizes were reported for these processes. As in previous studies where the use of
processes by stages and clusters is examined, Social Liberation (and Environmental
Reevaluation) accounted for less variance in comparison to other cognitive processes. This
suggests that these processes are less relevant for the participants (Anatchkova et al., 2006;
Fava et al., 1995; Norman et al., 2000; Velicer et al., 1995). A similar outcome was found
for Helping Relationships, which is a behavioral process. The Early Progressing and
Immotive groups became less similar when other variables, such as use of sunscreen and
history of artificial tanning, were considered.
Limitations
Cluster analysis is an exploratory approach that employs the interpretation of the researcher
in the identification of the subgroups. In this study, replication across three samples and
external validation using variables not included in the clustering process control for the
influence of experimenter bias on the results.
Even when the general sample used for the final results was large, the subsamples were
small. This may have affected the stability of the clusters and it influences the confidence in
the results. In addition, this sample of primary care patients was primarily White (thus not
representative of other ethnic and racial groups), female, and middle-aged. The sample was
recruited from a subset of practices participating in an educational outreach intervention to
promote practice adoption of cancer prevention practices (Prochaska et al., 2005). If
practices enrolled in the study endorse more cancer prevention activities than others,
application of the results may be limited. Weinstock and colleagues (2000; 2002) reported
that, in a sample of beachgoers in the New England area, increased age and female gender
were associated with more sun protective behaviors. This suggests that different patterns of
baseline behavior would be expected in men, or in other ager groups. These factors are
important when assessing the suitability of interventions for dissemination.
Another limitation of the study is that it focuses on a single stage. But additional analyses on
the Contemplation stage will be presented in a separate research report. Analyses on the
Preparation stage are published elsewhere (Santiago-Rivas et al., 2010).
Utility of clusters
Everitt, Landau, and Leese (2001) provide a description of the many reasons for developing
a classification system and provide numerous examples from different branches of science.
Of particular interest in the area of health promotion is that the identification of cluster
subtypes has the potential to guide the development of tailored interventions for the
promotion of sun protection habits. Tailored interventions have typically been based on
developed by employing a serious of variables identified as critical to success and then using
those variables sequentially to subdivide the sample (Velicer et al., 1993; Velicer &
Prochaska, 1999). An alternative method is to use the cluster subgroups as the basis for
tailoring and assign individuals to groups based on their distance from each of the subgroups
(Levesque, Driskell, & Prochaska, 2008). There is no evidence about which approach is the
most effective. The clusters identified in this study are of special interest because
traditionally individuals in the Precontemplation stage present the most serious challenge for
the promotion of healthy behaviors and for the prevention of risk behaviors. In addition, the
use of clusters helps in the identification of information that might be more relevant to some
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participants than others. In some studies that examined the HAPA approach, the number of
participants in the advanced stage of this model was significantly greater in comparison to
the rest of the stages (Duan, Lippke, Wagner, & Brehm, 2010; Lippke et al., 2005; Lippke,
Fleig, Pomp, & Schwarzer, 2010). Other studies classified participants in two stages instead
of three (Schüz, Sniehotta, & Schwarzer, 2007; Renner & Schwarzer, 2005). These aspects
affect the generalization and application of the findings. Studies that applied the TTM to
develop stage-based interventions are largely extended to representative at-risk populations
(Prochaska et al., 1994, 2001, 2004, 2005; Weinstock et al., 2002).
The existence of these profiles should not be considered as additional stages to the stages of
change. They provide an alternative course of action to potential interventions. They support
the current 5 stages included in the TTM (Velicer et al., 1995), and provide complementary
information about sun protection behavior and relevant processes. Subtypes were replicated,
and they are interpretable within the conceptualization of the model used in this study.
Considerations like the cost-effectiveness, purpose, length, sample, and sample size of an
intervention may make the use of subtypes more or less appropriate to intervene for a
behavior problem.
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Figure 1.
Subtypes for the precontemplation stage from the general sample.
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Table 1
Means, standard deviations and subtypes comparisons for sun protection processes of change.
Processes M SD
Consciousness Raising F = 43.09**; η2= .186
 Early Progressing 4.65 1.46
 Progressing 5.93 1.77 P > all
 Immotive 4.59 1.57 I, E > D
 Disengaged 3.51 1.65
Dramatic Relief F = 50.80**; η2= .213
 Early Progressing 5.35 1.99
 Progressing 7.31 2.04 P > all
 Immotive 5.63 1.82 I, E > D
 Disengaged 4.28 1.80
Environmental Reevaluation F = 40.50**; η2= .176
 Early Progressing 5.23 1.69
 Progressing 6.62 1.95 P > all
 Immotive 5.10 1.76 I, E > D
 Disengaged 4.04 1.85
Self Re-evaluation F = 71.62**; η2= .277
 Early Progressing 4.52 1.90
 Progressing 6.53 2.10 P > all
 Immotive 4.51 1.89 I, E > D
 Disengaged 2.82 1.36
Social Liberation F = 8.84**; η2= .041
 Early Progress 7.10 1.58
 Progressing 7.82 1.64 P > E, D
 Immotive 7.43 1.65 I > D
 Disengaged 6.75 1.93
Counter Conditioning F = 9.48**; η2= .044
 Early Progressing 7.16 2.23
 Progressing 7.05 2.00 P, E > I
 Immotive 5.98 2.32 E > D
 Disengaged 6.19 2.87
Helping Relationship F = 13.67**; η2= .064
 Early Progressing 5.23 2.34
 Progressing 6.13 2.40 P > E, D
 Immotive 5.91 2.36 E, I > D
 Disengaged 4.04 2.38
Reinforcement Management F = 11.74**; η2= .055
 Early Progressing 2.65 0.99 P > all
 Progressing 3.04 1.29 I, E > D
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Processes M SD
 Immotive 2.64 0.99
 Disengaged 2.16 0.45
Self-Liberation F = 54.45**; η2= .217
 Early Progressing 4.00 1.63 P > all
 Progressing 5.28 1.92 I, E > D
 Immotive 3.54 1.50
 Disengaged 2.63 1.13
E= Early Progressing, P= Progressing, I= Immotive, D= Disengaged;
**p < .01
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Table 2
Means, Standard Deviations, and Subtype Comparisons for the Sun Protection Behavior Scale.
Sun Protection Behavior Scale M SD
F = 64.63**; η2=. 260
 Early Progressing 17.57 4.39 P > all
 Progressing 20.54 1.77 E> I, D
 Immotive 14.44 4.48
 Disengaged 13.44 3.69
E= Early Progress, P= Progressing, I= Immotive, D= Disengaged;
**p < .01
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